In rat hepatocytes glucagon increases mammalian target of rapamycin phosphorylation on serine 2448 but antagonizes the phosphorylation of its downstream targets induced by insulin and amino acids.
The major function of mammalian target of rapamycin (mTOR) is the control of cell growth. Insulin and amino acids regulate the mTOR pathway, and both are needed to promote its maximal activation. To further understand mTOR regulation by insulin and amino acids, we have studied the enzyme in primary cultures of hepatocytes. We show that insulin increases mTOR phosphorylation on Ser2448, a consensus phosphorylation site for protein kinase B (PKB). Ser2448 phosphorylation is also increased by amino acids, although they do not activate PKB. Furthermore, insulin and amino acids have an additive effect, indicating that they act through distinct pathways. We also show that phosphorylation of Ser2448 does not seem to modulate in vitro phosphorylation of eukaryotic initiation factor 4E-binding protein 1 by mTOR. However, stimulation of hepatocytes with insulin and amino acids leads to an increase in mTOR kinase activity. Rapamycin has no effect on insulin-, glucagon-, and 8-(4-chlorophenylthio)adenosine-cAMP-induced amino acid transport. Surprisingly, glucagon and 8-(4-chlorophenylthio)adenosine-cAMP, which do not activate PKB, stimulate the phosphorylation on Ser2448 of mTOR. However, glucagon inhibits amino acid- and insulin-induced activation of ribosomal S6 protein kinase 1 and phosphorylation of the translational repressor eukaryotic initiation factor 4E-binding protein 1. Our results demonstrate that glucagon, which is not able to activate but rather inhibits the mTOR pathways, stimulates the phosphorylation of mTOR on Ser2448. This finding suggests that phosphorylation of this site might not be sufficient for mTOR kinase activity but is likely to be involved in other functions.